14-Epicochlioquinone B (1) and 14-epidihydrocochlioquinone B (2) were isolated from sub merged cultures of Neobulgaria pura (Pers. ex Fr.) Petrak. 14-Epicochlioquinone B is a potent inhibitor of hum an and bovine platelet aggregation stimulated by different inducers. 14-Epidihydrocochlioquinone B does not inhibit the aggregation of platelets. In addition, both 1 and 2 exhibited cytotoxic and antimicrobial activites.
Introduction
The frequent occurrence o f vascular disorders and arterial th rom bosis (Heusel, 1986 ) and the side effects o f some m edications used for their treatm en t (Sm ith an d Willis, 1971; H iller and Riess, 1988 ) m ake a search for new in h ibitors of platelet aggregation seem w orthw ile. Platelets are 0 9 3 9 -5 0 7 5 /9 4 /0 5 0 0 -0 3 1 2 $ 0 3 .0 0 © V erlag der Z eitschrift für N atu rfo rsch u n g , D-72072 T übingen m ultiresponding cell fragm ents w ith a complex stru ctu red signal transm ission (H olm son, 1982) and therefore offer several targets for inhibitors. In the course o f a search for fungal m etabolites in hibiting the aggregation o f platelets induced by either collagen or A D P several h u ndred extracts derived from cultures o f basidiom ycetes and asco m ycetes were tested. 2-M ethoxy-4-m ethyl-l,4-benzoquinone, a m etabolite o f Lentinus adhaerens (basidiom ycetes) interfering w ith hu m an platelet aggregation by binding to the th ro m boxane A 2 re cep to r has been described previously (Lauer, 1990) . A m ong the ascom ycetes, Neobulgaria pura w as choosen as a prom ising fungus because in the prim ary screening culture extracts show ed a strong inhibitory effect on the aggregation o f bovine platelets induced by either collagen or A D P.
In the follow ing we wish to describe the ferm en ta tio n , isolation, identification, and biological properties o f 14-epicochlioquinone B (1) and 14-epidihydrochochlioquinone B (2) from Neobul garia pura.
Experimental

General experim ental procedures
M elting points were determ ined on a Büchi 510 a p p a ra tu s and are uncorrected. IR spectra (KBr) were determ ined w ith a B ruker IFS 48 spectrom e ter. U V spectra were recorded in M eO H w ith a Perkin-E lm er L am b d a 16 U V /V IS spectro p h o to m eter. F o r analytical H P L C a H ew lett Packard 1090 instrum ent series II was used. M ass spectra were m easured w ith a F innigan M A T CH 7 A 13C N M R (C D C I3, 126 M H z) 8 212.80 (C-4), 186.35* (C-10), 180.97* (C-7), 153.19 (C -8 ), 145.46 (C -6 ), 133.64 (C -l 1), 119.04 (C-9), 84.57 (C-21), 83.60 ( C -l7), 79.07 (C-14), 71.81 (C-22), 47.37 (C-3), 43.68 ( C -l3), 43.14 (C-5), 36.95 (C-19), 36.90 ( C -l5), 36.73 ( C -l8 ), 27,00 (C-26), 26.07** (C-23), 25.77 (C-2), 23.76** (C-24), 23.66 ( C -l6 ), 21.67 (C-20), 16.60 (C-28), 16.28 ( C -l2), 14.82 (C-27), 11.79 (C -l), 11.65 (C-25) ppm . 'H N M R (C D C I3 , 500 M H z), 5 6.11 (s, H -ll) , 4.29 (qu, 6.9 H z, H -5), 3.18 (dd, 2.8, 11.9 Hz, H-21), 3.12 (dd, 3.4, 11.9 H z, H -17) 13C N M R (C D C I3, 126 M H z) 5 216.42 (C-4), 146.37, 141.33, 136.65, 122.71, 108.62 (C-6-10), 104.58 (C -ll) , 84.63, 83.98 ( C -l7, C-21), 76.30 (C-14), 71.94 (C-22), 46.01 (C-3), 44.24 ( C -l3 and C-5), 37.59, 37.09, 36.93 (C-19, C-15, C-18), 26.93 (C-26), 26.83, 26.05, 23.83, 23.72 (C-24, C-2, C-23, C-16), 21.80 (C-20), 17.04, 16.27, 16.04 (C-28, C -l2, C-27), 11.77, 11.63 (C -l, C-25) ppm .
14-Epidihydrocochlioquinone
Biological tests
Platelet aggregation assay w ith 1 M citric acid). T o o b tain platelet rich plasm a (PR P), the anticoagulated blood was centrifuged at 150 x g for 15 min at 22 °C. In general the PR P contained 3 -4 x 105 platelets/(il. Platelet poor plasm a (PPP) was o btained by centrifugation o f the anticoagulated blood a t 1 0 0 0 * g for 1 0 min.
T o test the effect o f th ro m b in bovine platelets were w ashed two times w ith citrate buffer pH 7.4 and stored at a density o f 1 x 1 0 6 platelets/^il in PBS buffer (g/1: N aC l 8 ; K C10.2; N a 2 H P 0 4 x 2 H 20 1.44; K H ,P 0 4 0.2; glucose 1; aq u a bidest 1 1, pH 7.4).
The aggregation assay w as carried o u t in a spec trop h o to m eter (H itachi, m odel 100-60) w ith tem p erated (37 °C) and stirred plastic cuvettes. A fter preincubation for 1 0 m in w ith 1 or 2 the aggrega tion was stim ulated w ith different inducers like col lagen, A D P or others. T he change o f transm ittance was m onitored a t 600 nm w ith PPP o r PBS buffer as blanks, respectively. T he aggregation o f hum an platelets was m easured in a platelet aggregation profiler (BIO D A T A C o rp o ratio n ) w ith preincu bation (10 min). F o r screening purposes the assay was scaled dow n to 150 (al in 96-well m icrotiterplates (G reiner) and the change o f transm ittance m easured at 600 nm by using a B IO -R A D -E IA -R eader.
Further biological tests
The plate diffusion assay, the test for cytotoxici ty, hem olytic activity, a n d m utagenicity were car ried o ut as described previously (L auer, 1990; Lorenzen, 1993) . Fig. 1 shows a typical ferm entation o f Neobulgaria pur a. The p ro d u ctio n o f 14-epicochlioquinone B (1) as determ ined by analytical H PL C started early and increased significantly after the 4th day. The m axim al co n cen tratio n o f 5.1 mg/1 was reached after 7 days.
Results and Discussion
Fermentation
14-Epicochlioquinone B (1) and 14-epidihydrocochlioquinone B (2) 1 and 2 were isolated as described in the experi m ental section. spectrom eter. P ro to n and ca rb o n spectra were re corded on a B ruker A M X 500 spectrom eter o per ating at 500.14 M H z for 'H . The co n centration of the sam ple o f 1 was 34 m M in CDC13. T h at o f 2 was 21 m M in CDC13. All spectra were recorded at 305 K and T M S w as used as reference. T he m odels were build w ith Alchem y III, V 2.0 (T ripos A ssociates, Inc.). Energy m inim izations were carried o u t durin g the build up o f the m ole cule, as well as on the com plete m olecule, in order to assure a p ro p er overall structure.
Neobulgaria pura strain A 4588 w as isolated by H. A nke from spore prin ts o f a fruiting body col lected in the B avarian Alps. T he strain is deposited in the culture collection o f the LB Biotechnologie, U niversity o f K aiserslautern.
F o r m aintenance on agar slants the fungus was grow n on Y M G m edium (yeast extract 0.4% , m alt extract 1.0%, glucose 0.4% , p H 5.5).
F erm en tatio n s were carried o u t in a Biolafitte C 6 o r B raun-M elsungen ferm entor containing 20 1 o f G P m edium (com posed o f g/1: G lucose, 20; m ashed p o tato , 4; pH 5.5) a t 22 °C with aeration (2 1 air/m in) and ag itatio n (130 rpm ). 250 ml o f a well grow n culture in Y M G m edium were used as inoculum . The on-line d a ta were recorded using a B raun M elsungen M F C S system. 0 2-and C 0 2-m easurem ents were perform ed using a H artm an n 6 Braun M agnos 4 G instrum ent and an A D C C arbon D ioxide A nalyzer. D uring ferm entation 14-epicochlioquinone B w as assayed using the platelet aggregation assay. Q u an titativ e m easure m ents were achieved by analytical H PL C .
Isolation o f 14-epicochlioquinone B and 14-epidihydrocochlioquinone B
A fter 7 days o f ferm entation, the m ycelia were separated from the culture fluid by centrifugation (1 0 0 0 x g, 10 min). 14-E picochlioquinone B and 14-epidihydrocochlioquinone B were rem oved from the culture fluid (18 1) by a d so rp tio n to H P 21 resin (M itsubishi) from w hich they were eluted with 1.5 1 o f acetone. The crude extract (1.2 g) was applied to a colum n (15 x 15 cm) containing silica gel (0 .0 6 3 -0 .2 mesh, M erck 60) and eluted w ith 1 1 to lu en e: acetone 70:30. F u rth e r purification was achieved by preparative H P L C on M erckL iC hrogel PS 1, 10 (im (colum n 250 * 25m m ), elution with isopropanol and then L iC hrosorb D IO L , 7 (am (colum n 250 * 25 m m ), elution w ith cycloh ex an e:tert. butylm ethylether 1:1. Yields: 90 mg 14-epicochlioquinone B (1) and 36 m g o f 14-epi dihydrocochlioquinone B (2). D uring purification the com pounds were detected by T L C and the platelet aggregation assay as described below. T he structures o f cochlioquinones A and B have been elucidated by chem ical, spectroscopic, and crystallographic m ethods som e years ago (C arruthers et al., 1971; C anonica et al., 1976; C anonica et al., 1980) . The structure o f the closely related co m pound stem phone has also been described previously (H u b er et al., 1974) F ro m H -l 1, one strong cross-peak can be found to a carbonyl carb o n at 180.97 ppm . T here is no cross-peak w ith the o th er carbonyl at 186.35 ppm . It is reasonable to assum e to 3 / (H -l 1, C-7) to be larger th an the 2 J ( H -ll, C-10). T herefore, the carbonyl at 180.97 ppm is assigned as C-7.
14-Epicochlioquinone B (\)
D isregarding the stereochem istry, the elucidated structure is identical w ith cochlioquinone B. H ow ever, there is a striking difference o f 26.72 ppm be tween the chem ical shifts o f C-12 o f cochlioqui none B and 1 (C anonica et al., 1980) (b o th m eas ured in CDC13). Some o ther chem ical shifts in this p a rt o f the m olecule show differences as well. In o rd er to establish the com plete stereo structure, a R O E SY (B othner-B y et al., 1984; K essler et al., 1987) spectrum was recorded to m easure the inter p ro to n distances. The peaks in the R O ESY spec tru m were integrated an d offset-corrected. The corrected volum e integrals o f the cross-peaks were treated in a sim plified m an n er as being p ro p o r tional to d " 6 (K essler et al., 1990) . F o r the calibra tion, the distance betw een the gem inal p rotons H-19 was used as a reference. The significant dif ferences betw een cochlioquinone B and 1 are a few in ter-p ro to n distances. F o r th a t reason, it was nec essary to m easure distances betw een p ro to n s and m ethyl groups. The distance from a single proton to a m ethyl g ro u p in the m odel was calculated by sum m ing up over the individual distances, in an energetically preferred co n fo rm atio n . F rom the m odel o f cochlioquinone B, the distance between W -\( fro's (the acial p ro to n ) and the p ro to n s of m ethyl g roup 26 (H ,-26) can be calculated to be equivalant to a distance o f a b o u t 230 pm . H ow ever, no effect could be fo u n d in the R O E SY spec-( * p. W " Fig. 2 . Space filling models of cochlioquinone B (left) and 14-epicochlioquinone B (right).
trum . In the same w ay, a cross-peak should be found between H -\2 pr0s and H 3-25 but only a weak signal can be found. It the chirality o f C-14 is inverted, rings B and C are cis-connected. In th a t case the distances m entioned above becom e m uch longer and are in accordance w ith the R O E SY o f the title com pound 1. A dditionally, the distances between the H-15 p ro to n s and the m ethyl p ro to n s H-26 are m ore alike, w hereas in cochlioquinone B these distances are strongly different. All other available distances o f 1 are in good accordance with the m odel. T herefore, we conclude th a t the com pound is 14-epicochlioquinone B. In Fig. 2 the two epim ers are com pared by space filling m odels o f cochlioquinone B (left) and 14-epicochlioquinone B (right), Fig. 3 show s the stereo view o f 14-epicochlioquinone B (1).
'H a n d 13C N M R spectral assignments o f 14-epidihydrocoehlioehinon B (2)
The absence o f the quinone structure is clearly indicated by the lack o f carb o n signals in the 180's ppm range. Strong differences in the aro m atic/ double-bond region and only little differences in the other regions o f the carb o n spectrum are clear indicators for the d ihydro n atu re o f co m pound 2 .
C ochlioquinone B w as isolated first from Beljak (Beljak et al., 1971 ) from the fungus Cochliobolus miyabeanus in 1971. O ne year later B arrow and M urphy (1972) described the occurrence o f cochlioquinone A and its hydro q u in o n e in extracts o f H eminthosporium leersii. Stem phone, a related structure, was isolated from Stem phylium sarcinaefo rm e (Scott and L aw rence, 1968) . Neobulgaria pura thus is a new p ro d u cer o f cochlioquinonetype com pounds. A lth o u g h the cochlioquinones A and B have been know n for a b o u t 20 years very few biological activities have been reported so far. Only recently Schaeffer et al. (1990) described the T able I sum m arizes the inhibitory effects (IC 30) o f 14-epicochlioquinone B on h u m an and bovine platelets stim ulated w ith different inducers. 14-E picochlioquinone B interfered w ith the plate let aggregation in the presence o f all inducers. This lack o f specificity w ith regard to the different sig nal pathw ays m ight be due to an interference with several basis m etabolic processes, a view which is su p p o rted by the biological activities o f 1 in other biological system s. 14-E pidihydrocochlioquinone (2 ) did n o t interfere w ith platelet aggregation. Table I . IC30 values (30% inhibition of aggregation) of 14-epicochlioguinone B (1). 
C ytotoxic effects o f \ and 2
The cytotoxic activities o f 1 and 2 were tested as described previously (L auer, 1990; Lorenzen, 1993) . T he grow th o f Balb 3 T 3 cells was inhibited a t co n cen tratio n s o f 5 |ig/m l o f 1. Lysis o f cells was observed at 25 ^ig/ml. 1 an d 2 strongly inhibited B H K cells (com plete lysis) at concen tratio ns o f 12.5 ng/m l, at co n cen tratio n s o f 6.5 (ig/ml the m orphology o f cells was altered. A t co n centrations higher th a n 2 0 |ig/m l b o th quinones show ed weak cy tostatic effects on the grow th o f L 1210 cells. Q uite co n trary to the effects on bovine and h um an platelets b o th cochliquinone and its hydroq u inone exhibit the same cytotoxic effects on Balb 3 T 3 and B H K cells. T his effect was due to m etabolic p ro cesses and not to a direct lytic action on the cyto plasm ic m em branes as could be observed in the m i croscope shortly after the ad d itio n o f the com- 
Antibiotic effects o f \ and 2
In the plate diffusion assay 1 and 2 inhibited the grow th o f bacteria and fungi (Table III) . It is in ter esting to note th a t the hydro q u in o n e 2 did n o t in hibit the grow th o f Bacillus subtilis. B oth com pounds exhibited w eak antifungal activities. As show n in T able III, M ucor m iehei and Venturia cerasi were the fungi m ost sensitive to 1 , w hereas Epicoccum purpurascens w as preferentially inh ib it ed by 2. It is therefore concluded th a t 2 was n ot di- rectly oxidized to 1 durin g the assays. In the sp o t test for m utagenicity according to Ames (Am es et al., 1975) no induction o f rev ertan ts o f Salm o nella thyphim urium T A 98 an d T A 100 could be observed w ith 1 0 0 |ig o f 1 and 2 /disk. 1 and 2 exhibited a variety o f biological activi ties as has been rep o rted for o th e r quinones and hydroquinones (W ilson, 1971) . O f these some have been reported to inhibit platelet aggregation by binding selectively to the th ro m b o x an e A 2 receptor (L auer, 1990; M itsu ra, 1989) . T he cytotoxic and antibiotic activites o f 14-epicochlioquinone B and its hydroq u in o n e how ever, indicate a lack o f spe cificity w ith regard to this target and an interfer ence with other m etabolic activities.
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